Hypnosis is a psychological technology proved to be effective in respiratory motion control, which is essential to reduce radiation dose during radiotherapy. This study explored the neural mechanisms and cognitive neuroscience of hypnosis for respiration control by functional magnetic resonance imaging with a within-subject design of 15 healthy volunteers in rest state (RS) and hypnosis state (HS). Temporal fluctuation and signal synchronization of brain activity were employed to investigate the altered 2 / 34 physiological performance in hypnosis. The altered correlations between temporal fluctuation and signal synchronization were examined within large scale of intrinsic networks which were identified by seed-wise functional connectivity. As a result, hypnosis was observed with increased activity in the right calcarine, bilateral fusiform gyrus and left middle temporal gyrus, and with decreased activity in the left cerebellum posterior lobe (inferior semilunar lobule part). Compared to RS, enhanced positive correlations were observed between temporal fluctuation and signal synchronization in HS. Most importantly, coupled correlation was observed between temporal fluctuation and global signal synchronization within the identified intrinsic networks (R = 0.3843, p > 0.05 in RS; R = 0.6212, p < 0.005 in HS). The findings provide implications for the neural basis of hypnosis for respiratory motion control and suggest the involvement of emotional processing and regulation of perceptual consciousness in hypnosis. Abbreviations ALFF, amplitude of low frequency fluctuation; AN, attention network; BA, Brodmann individual level were also calculated to remove individual effect, further followed with paired sample t-tests (statistical significance level of p < 0.05) between RS and HS for group-level analysis.
Introduction
Hypnosis refers to the change off the baseline of psychological activity after suggestion procedures at a subjective level with concentrated attention, distraction, extraneous stimuli and a mitigation of spontaneous thought (Oakley and Halligan, 2009) . As an effective psychotherapy, hypnosis has been widely applied to clinical treatments for pain reduction and emotional distress alleviation in cancer care (Patterson and Jensen, 2003 ; Montgomery et al., 2013) , and to cognitive behavior therapies in sleep disorder, cigarette smoking, alcohol addiction and bed-wetting of children (Wadden and Anderton, 1982; Häuser et al., 2016) . Different from placebo, hypnosis generates positive expectancies in absence of medicine and safe for its psychological attribute (Schaefert et al., 2014; Häuser et al., 2016; Parris, 2016) . In our previous studies, hypnosis was introduced as a comfortable and efficacious psychological technology in the control of respiratory motion, by increasing respiration stability and reducing respiration fluctuation, for thoracic and abdominal tumors during radiotherapy (Li et al., 2013; Liu et al., 2018) .
Hypnosis-induced psychotherapies for physical and mental treatment intentions are widely applied, while the exact neural mechanisms are yet to be fully clarified. Neural mechanisms on the researches of hypnotic induction and suggestion are mainly concentrated on intrinsic and extrinsic aspects. The intrinsic researches of hypnosis explore the underlying neurophysiological mechanisms of 'default hypnosis' and the extrinsic researches focus on investigating the neurological and psychopathological underpinning of hypnotic induction or suggestion for emotional and cognitive processes (De Benedittis, 2015) . In recent decades, the rapid development of neuroimaging technologies and advances in functional neuroscience have provided availability to explore the intrinsic and extrinsic hypnosis. Functional magnetic resonance imaging (fMRI) is a prevalent neuroimaging technology in studying the altered neural activity in response to hypnotic suggestion (Oakley and Halligan, 2013) . Our previous work focused on investigating the neural correlates of hypnosis-induced respiratory motion 4 / 34 in a neurophysiological perspective by fMRI (Liu et al., 2018) . In this study, we investigated the neural performance of hypnosis-induced respiration control in a cognitive consciousness perspective.
Hypnosis is stated as an altered state of consciousness which is distinguished from many other conscious states like vegetative state, anesthesia, normal wakefulness, sleep, meditation, schizophrenia and epilepsy (Jamieson, 2007; Oakley and Halligan, 2013) .
Significant findings of fMRI researches have demonstrated functional alterations in response to these various conscious states (Cavanna and Monaco, 2009; Yang et al., 2014; De Benedittis, 2015; Huang et al., 2016; Liu et al., 2018; Mashour and Hudetz, 2018) . Low frequency fluctuation (LFF) is confirmed to implicate neurophysiological meaning and instrumental in detecting the spontaneous brain activity (Biswal et al., 1995; Fox and Raichle, 2007) . Therein, temporal fluctuation and signal synchronization (signal coordination or functional connectivity) are the most two critical and conventional aspects of LFF of blood oxygen level-dependent (BOLD) signal in exploring the underlying neural mechanisms (Zuo and Xing, 2014) . Temporal fluctuation measures the oscillations of BOLD signals, by calculating the amplitude of LFF (ALFF) or the standard deviation of BOLD time series (Zang et al., 2007; Garrett et al., 2010) . Signal synchronization measures the temporal coordination of BOLD signals across time, widely investigating the degree of regional, global and interhemispheric synchronization (Zang et al., 2004; Zuo et al., 2010 Zuo et al., , 2012 .
Investigations of temporal fluctuation and signal synchronization on various conscious
states are widely performed, while the relationship between them remains mysterious.
Anesthesia, a loss of consciousness, was observed with decoupled temporal variability and signal synchronization in comparison to normal wakefulness, indicating the correlative relationship between temporal variability and signal synchronization may be consciousness-associated (Huang et al., 2016) . As another state of consciousness, hypnosis is different from anesthesia, during which the subjects are with self-awareness and voluntary participation (Raz, 2011) . The relationship between temporal fluctuation 5 / 34 and signal synchronization of BOLD signals during hypnosis has yet to explore. It's hypothesized that the correlation among them may be hypnosis-specific. In this study, to explore the neural performance of hypnosis for respiratory motion control, in an altered state of consciousness respective, we focused on analyzing temporal fluctuation and signal synchronization of BOLD signals: (1) explore the altered temporal fluctuation during hypnosis by ALFF (Zang et al., 2007) ; (2) explore the altered regional, global and interhemispheric synchronization during hypnosis by regional homogeneity (ReHo) (Zang et al., 2004) , degree centrality (DC) (Zuo et al., 2012) and voxel-mirrored homotopic connectivity (VMHC) (Zuo et al., 2010), respectively; (3) identify large scale of intrinsic functional networks (default mode network, salience network, executive control network and sensorimotor network) by seed-wise functional connectivity; and (4) examine the altered correlative relationship of temporal fluctuation and signal synchronization within these large scale of intrinsic networks during hypnosis.
Experimental procedures

Experiment procedure and data acquisition
Fifteen healthy subjects (9 females and 6 males, age 23 ~ 47 years old) with no history of neurological disorders were organized to participate a hypnosis experiment of within-subject design. Noted that all subjects were psychological hypnotists. The experiment procedure was demonstrated in Figure 1 . Before the hypnosis experiment, all subjects were tested for hypnotic susceptibility to examine whether they were suitable for hypnosis (Weitzenhoffer et al., 1996) . All subjects passed the test and moved on to the next procedure, rapport and mutual trust establishment between hypnotists and subjects which was helpful to improve hypnotic susceptibility (Gfeller et al., 1987) . In this process, hypnotist chatted with the hypnotic subject to build up inter-trust relationship and to get to know her/his favors (such as blue sky, vast grassland, easeful seaside, etc.) which would be the core content of the hypnotic scene 6 / 34 building. The hypnosis experiment was conducted in MRI room, composed of two conditions for every hypnotic subject, the rest state (RS) and the hypnotist-guided hypnosis state (HS). In RS condition, subject was lying quietly with eyes closed and stayed awake. In HS condition, hypnotist guided the subject into hypnosis state steadily by constructing an imaginable scene based on the subject's favors. After the subject was guided into hypnosis state (determined by the hypnotists based on their experience), hypnotist kept on positive suggestion to guide them maintain a comfortable and steady psychological state, which was the pure and stable hypnosis state, lasting for about 20 minutes. Subject felt relaxed with inner peace and stable respiration during the hypnosis.
After that, the subject was awakened softly to be guided out of hypnosis. The time periods were about 15 minutes and 30 minutes for the RS and HS conditions respectively. Subjects were lying quietly with eyes closed all the time in the MRI room during the whole hypnosis experiment. Functional BOLD images were obtained during RS and the pure HS. This study was approved by the Institutional Review Board (IRB) of Shenzhen Institutes of Advanced Technology, Chinese Academic of Science.
Written informed consent was obtained from all participants. 
Data preprocessing
The BOLD-fMRI data preprocessing was performed by Data Processing & Analysis for Brain Imaging (DPABI) (Yan et al., 2016) and Statistical Parametric Mapping (SPM12, http://www.fil.ion.ucl.ac.uk/spm). General procedure of preprocessing included: removing first 10 time points, slice timing adjustment, realignment for motion correction, nuisance covariates regression (Friston 24-parameter head motion (Friston et al., 1996) , white matter and cerebrospinal fluid signal), spatial normalization by Diffeomorphic Anatomical Registration Through Exponentiated Lie algebra (DARTEL) (Ashburner, 2007) using T1 image new segment to transform into Montreal Neurological Institute (MNI) template (resampled to 3mm×3mm×3mm), low frequency band pass filter with band range of 0.01-0.1Hz, spatially smoothed with 4mm full-width half-maximum (FWHM) Gaussian kernel, and linear trend removal. The head motions of all subjects during MRI scanning were less than 2-mm translations and 2° angular rotations in three dimensions for both two states. Additionally, there was no inter-state difference (p = 0.99) in mean frame-wise displacement (FD) (Jenkinson et al., 2002) of head motions.
Whole-brain voxel-wise analysis of temporal fluctuation and signal synchronization
Amplitude of low frequency fluctuations (ALFF) -temporal fluctuation
ALFF is a voxel-wise indicator to evaluate the amplitude of LFF, defined as the power of a range of low frequency band (0.01-0.1Hz). ALFF is calculated by transforming the time series of preprocessed functional image into frequency domain by Fast Fourier Transform to get power spectrum, after which square root is performed and then being averaged across the frequency band. The averaged square root of power spectrum is the value of ALFF (Zang et al., 2007) .
Region homogeneity (ReHo) -regional signal synchronization
ReHo is a voxel-wise measurement to evaluate local signal synchronicity by analyzing the similarity of a voxel's time series with those of its neighboring voxels (Zang et al., 2004) . In this study, the Kendall's coefficient concordance ReHo (KCC-ReHo) (Kendall and Gibbons, 1990 ) was calculated to evaluate the synchronization of a voxel with its 26 nearest neighboring voxels. KCC-ReHo ranges from 0 to 1, where higher ReHo indicates higher regional synchronization.
Degree centrality (DC) -global signal synchronization
DC is a voxel-wise measurement to estimate the functional connectivity density between a voxel with all other voxels within the mask (Buckner et al., 2009) . Pearson correlation coefficient is applied to evaluate the connectivity strength of all paired voxels. DC is usually calculated by the binarized-sum DC and weighted-sum DC, where the former is defined as summing up the number of voxels whose correlation coefficient reaches a given threshold and the latter is defined as summing up the correlation coefficients that reach a given threshold (Zuo et al., 2012) . Therefore, DC is also regarded as global functional connectivity density (Tomasi and Volkow, 2012) . In this study, binarized-sum DC, which is reported less sensitive to noise, was calculated and correlation coefficient threshold was set at r > 0.3. Moreover, a range of thresholds (from 0.1 to 0.9) of correlation coefficient were examined to evaluate the robust of threshold choosing.
Voxel-mirrored homotopic connectivity (VMHC) -interhemispheric signal synchronization
VMHC measures the interhemispheric functional connectivity by calculating the Pearson correlation coefficient of residual time series of every pair symmetric voxels (Zuo et al., 2010) . Specially, to improve the correspondence of symmetric voxels, VMHC is calculated based on the functional image which is normalized according to the refined transformation generated from the process of reregistering individual T1 9 / 34 image to group mean T1 symmetric template (Zuo et al., 2010) .
Statistical analysis
All individual ALFF/ReHo/DC/VMHC maps were converted to Z-maps for standardization, implemented by subtracting the global mean value of the whole brain and then divided by global standard deviation (Zuo et al., 2013) . The standardized Zmaps were applied to the subsequent statistical and correlative analysis. To explore the inter-state differences of brain activity between RS and HS, paired sample t-tests were performed on the individual ALFF/ReHo/DC/VMHC Z-maps within grey matter mask, with head motion (mean FD) as covariate. The resultant statistical T-maps were corrected by Gaussian Random Fields (GRF) with threshold of voxel p < 0.005, cluster p < 0.05, two-tailed.
Identification of node-based intrinsic functional connectivity networks
The RS functional data were adopted to the analysis of node-based resting-state functional connectivity, which aimed to identify four large scale resting state networks: default mode network (DMN) (Raichle et al., 2001) , salience network (SN) (Seeley et al., 2007) , executive control network (ECN) (Fox et al., 2005; Seeley et al., 2007) and sensorimotor network (SMN) (de Pasquale et al., 2012) . In this study, we followed the nodes definition in previous study (Huang et al., 2016) , identifying the seeds with 6mm radius of sphere centered with the following priori coordinates: (-4, -52, 22) posterior cingulate cortex /precuneus (PCC/PCu) for DMN (Laird et al., 2009 ) ; (4, 16, 33) right dorsal anterior cingulate cortex (dACC) for SN (Seeley et al., 2007) ; (-32, 41, 13) left dorsolateral prefrontal cortex (DLPFC) for ECN (Seeley et al., 2007) ; (-36, -24, 49) left central sulcus for SMN (de Pasquale et al., 2012) . These representative nodes were then applied to a voxel-wise functional connectivity analysis, by correlating the mean BOLD time series of the nodes with the BOLD time series of each voxel across the whole brain, for four networks and every subject, respectively.
Afterwards, the individual functional connectivity maps were transformed into standardized Z-maps for further one sample t-tests to obtain the group level T-maps of four networks, respectively. Finally, the networks (DMN, SN, ECN, SMN) were identified by the resultant T-maps with threshold of voxel p < 0.0001 (t > 5.92) and uncorrected cluster size of 100 voxels (2700 mm 3 ). The surviving brain regions constituted these intrinsic networks were applied to the subsequent intrinsic networks correlative analysis.
Intrinsic networks correlative analysis of temporal fluctuation and signal synchronization
Based on the brain regions of four intrinsic networks identified above, pair-wise correlative analysis (Pearson correlation, 95% confidence interval) among ALFF, ReHo, DC and VMHC were performed to explore the altered correlative relationship between temporal fluctuation and signal synchronization. For each brain region, the standardized Z-scores of four measurements (ALFF, ReHo, DC, VMHC) were extracted from individuals by averaging across all voxels of the brain region, for two states respectively.
Averaged-level pairwise correlative analysis was implemented by averaging across individuals for each brain region. Furthermore, pairwise correlation coefficients of
Results
Inter-state differences of temporal fluctuation and signal synchronization
The resultant inter-state differences of spontaneous brain activity were shown in Table   1 and Figure 2 
Intrinsic networks identification
Twenty-five clusters were obtained to constitute four networks by the analysis of seedwise resting-state functional connectivity, including 5/8/8/4 clusters for DMN/SN/ECN/SMN respectively (Table 2, Figure 3 ), visualized by BrainNet Viewer (Xia et al., 2013) . These identified networks were mostly in accordance with previous studies (Raichle et al., 2001; Fox et al., 2005; Seeley et al., 2007; Huang et al., 2016) .
To analyze the correlative relationship among temporal fluctuation and signal synchronization, the standardized value of ALFF/ReHo/DC/VMHC were extracted from these brain regions and averaged across all subjects for two states, respectively. Abbreviations of these regions were listed in Table 2 . Figure 4B ). In addition to these averaged-level correlations, individual-level correlations were also performed and inter-state differences were compared to evaluate the robust of group-level correlations.
Correlative analysis of ALFF/ReHo/DC/VMHC within intrinsic networks
Correlative analysis of ALFF/ReHo/DC/VMHC within the identified networks
The results demonstrated that all pairwise measurements were observed to have enhanced correlation coefficients in HS than in RS as a whole, and the inter-state differences were significant (p < 0.05) in ALFF corr. DC, ALFF corr. VMHC, ReHo corr. DC and ReHo corr. VMHC ( Figure 4C ). Furthermore, in regarding to different thresholds of DC (from 0.1 to 0.9), inter-state differences of correlations were significant (p < 0.05) between ALFF/ReHo and DC in thresholds from 0.2 to 0.4 ( Figure   4D ), which were commonly used in DC calculation. 
Correlative analysis of ALFF/ReHo/DC/VMHC within a prior set of networks
To examine the dependability of topographies identification, a prior set of topographies with 31 nodes with AN, DMN, MN, SN, VN and non-neocortical network involved, were applied to the correlative analysis. As expected, HS was observed to have overall enhanced positive correlations for all pairwise measurements, at both averaged level ( Figure 5A,B) and group level ( Figure 5C ). And the inter-state differences of correlations were significant (p < 0.05) between ALFF and ReHo/DC/VMHC ( Figure  5C ). Consistent with the correlative results of the identified networks, coupled correlation was shown in ALFF corr. DC during HS (R = 0.3305 and p > 0.05 in RS, R = 0.7268 and p < 0.0005 in HS, group-level inter-state differences p < 0.05).
Additionally, coupled result was also observed in ALFF corr. VMHC (R = -0.0316
and p > 0.05 in RS, R = 0.3998 and p < 0.05 in HS, group-level inter-state differences p < 0.05). Group-level inter-state differences of correlations were significant (p < 0.05) between ALFF and DC of widespread thresholds, while it was insignificant (p > 0.05)
between ReHo/VMHC and DC in response to all DC thresholds ( Figure 5D ). 
Discussion
In this study, we investigated the altered temporal fluctuation and regional/global/interhemispheric signal synchronization of BOLD signals during hypnosis for respiratory control. Furthermore, we explored the correlative correlations between temporal fluctuation and signal synchronization within several large scale of intrinsic functional networks which were identified by seed-wise functional connectivity. Significant findings were observed during hypnosis in both voxel-wise brain activity analysis and correlative analysis.
Neural basis of hypnosis for respiration control
Respiration works in a neural regulation of chemoreflex-mediated feedback cycle, which involves interactions of the arterial level of carbon dioxide, cerebral blood flow (CBF) and BOLD signals (Van Den Aardweg and Karemaker, 2002; Chang and Glover, 2009 ). The changes of respiratory motion lead to a changed level of carbon dioxide, followed with changed CBF and BOLD fluctuations (Chang and Glover, 2009 ).
Inversely, a change of respiration can be result from the changed carbon dioxide by chemoreflex mediation (Van Den Aardweg and Karemaker, 2002) . In this study, we investigated the neural performance (temporal fluctuation and signal synchronization of BOLD signals) of hypnosis for respiration control via its psychological regulation.
Analysis of inter-state differences showed increased brain activity in the right calcarine cortex, bilateral fusiform gyrus and left MTG (Table 1, Figure 2 ) during hypnosis.
These brain regions are reported as visual areas (Hofmann et al., 2009; Keuper et al., 2014; Brang et al., 2015; Schindler et al., 2015; Petro et al., 2017; Tamietto and Leopold, 2018) . During the whole process of hypnosis experiment, subjects were lying quietly in MRI machine with eyes closed and without any external visual stimulations. A possible explanation is that the audio stimuli of hypnotic guidance about scene description activates the visual cortex (Brang et al., 2015; Petro et al., 2017) . Previous studies have revealed the visual cortex to be associated with conscious perception (Leopold, 2012; Koch et al., 2016) . Hypnosis is stated as an altered state of consciousness and involved with perceptual and cognition processing (Raz, 2011; Landry et al., 2017) . It's speculated that audio input facilitates perception and cognition by modulating primary visual cortex contextually (Petro et al., 2017) . Therefore, the findings of increased brain activity in visual cortex suggest the involvement of perceptual processing during hypnosis.
Emotional regulation is one of the most essential effects of hypnosis, especially for the positive suggestion-characterized hypnosis which aims to guide the subjects into stable mental state with relaxation and inner peace. During hypnosis, increased brain activity was observed in the fusiform gyrus and MTG (Table 1, Figure 2 ). Though known as a functional role in face processing (Harris et al., 2016) , fusiform gyrus is also suggested to be related to emotional effects in the tasks of word processing and emotional processing (Hofmann et al., 2009; Schindler et al., 2015) . In addition, the left MTG is found to be more active in processing emotional words than processing neutral words (Keuper et al., 2014) . Thus, increased ALFF in fusiform gyrus and left MTG (Table 1, Figure 2 ) during hypnosis may imply the involvement of emotional regulation.
Furthermore, observations suggest that cerebellum posterior lobe (inferior semilunar lobule) is connected with emotional areas (Diano et al., 2016) . Cerebellum is indicated to have two representations, sensorimotor anterior cerebellum and cognitive/emotional posterior cerebellum, where the posterior cerebellum contributes to higher level tasks and complex cognitive operations (Stoodley and Schmahmann, 2009) . Therefore, the experimental results of decreased ALFF in inferior semilunar lobule may suggest its role of emotional regulation in inhibiting respiratory amplitude during hypnosis.
The mechanisms of hypnosis for respiration control are complicated and involved with unclear interactions of neurophysiology and psychophysiology. We speculate that the hypnotic suggestion in our study arouses the neural activity of low frequency oscillations and thereafter the neural activity generate an influence on the control of respiratory motion by emotional regulation. It's challenging to uncover the exact neural mechanisms therein. In one hand, concurrent effects such as perceptual processing and emotional regulation are involved in the comprehensive mechanisms. In the other hand, the hypnotic suggestion in our study is subject-specific which means the content and details of the induced hypnotic guidance are different among subjects. These differences may have an influence on the neurophysiological performance.
Coupled temporal fluctuation and global signal synchronization in hypnosis
Correlative analysis of temporal of temporal fluctuation and signal synchronization demonstrated enhanced positive correlations of all pairwise measurements during hypnosis, within both seed-wise functional connectivity identified networks ( Figure 4) and prior networks ( Figure 5 ). Particularly, correlation between temporal fluctuation (ALFF) and global signal synchronization (DC) was coupled in hypnosis (Figure 4 , Figure 5 ). In terms of calculations, temporal fluctuation extracts BOLD signals from a single voxel, and signal synchronization evaluates the degree of regional/global/interhemispheric coordination of a voxel with other voxels across time.
Therefore, they are theoretically supposed to be independent from each other.
Interestingly, our findings showed significant correlations between them. Meanwhile, researches have also implied an intimate relationship between them by neural modeling (Zhigulin et al., 2003; Litwin-Kumar and Doiron, 2012) and neuroimaging observations (Aiello et al., 2015; Huang et al., 2016) . In particular, the highest correlation was observed between ALFF (temporal fluctuation) and ReHo (regional signal synchronization) (Figure 4) , which is consistent with the finding in previous study (Aiello et al., 2015) . These findings reveal mysterious physiological mechanisms over theoretical assumption. Temporal fluctuation and synchronization of BOLD signals are found with significant and obvious yet remain equivocal correlative relationship (Huang et al., 2016) .
Most importantly, contrary to the decoupled findings of unconscious state (Huang et al., 2016) , hypnosis was observed to have coupled positive correlation between temporal fluctuation and global signal synchronization. This critical finding may reveal the neural mechanisms of attentional concentration on hypnosis guidance. In loss of consciousness state, it's reported with reduced regional glucose metabolism rate (Song and Yu, 2015) , global deduction of brain activity (Huang et al., 2016) , reduced capacity of brain integration (Schrouff et al., 2011) and decreased functional connectivity in conscious networks (Boveroux et al., 2010) . Oppositely, hypnosis is proposed to be an enhanced attentional state (Crawford, 1994; Jiang et al., 2017 ) with increased regional cerebral blood flood (Rainville et al., 2002) , increased functional connectivity of executive and emotional control (Jiang et al., 2017) , and participate in the consciousness regulation Halligan, 2009, 2013; Landry et al., 2017) . Therefore, the 20 / 34 enhanced/coupled correlations of brain activity within intrinsic networks (or even across the whole brain) during hypnosis, are hypothesized to be associated with the regulation of cognitive and perceptual consciousness.
Limitations
Our findings demonstrate coupled correlation between temporal fluctuation and global signal synchronization during hypnosis, some limitations remain. In regarding to the experiment design, it included a 15-minute RS section and a 30-minute HS section.
Different from general task-evoked and stimulus-induced experimental paradigms with blocks and trials design, which are better to balance the order of different conditions, the experiment in this study contains a prolonged hypnosis procedure to keep the subjects in a stable mental state. In consulting with hypnotists, we designed the experiment procedure without blocks and trials to ensure the hypnosis depth and effectiveness. We believed this design could identify the differences between RS and HS. Still and all, the experimental results can be more rigorous if future study takes consideration of balancing the order of RS and HS by blocks and trials design. In addition, there are another two limitations to be emphasized. One lies in the small sample size of participants, which is not convincing enough in deriving reliable findings and conclusions of hypnosis-related activity changes. The other rests on the healthy subjects of hypnotic professionals. The application of hypnosis with positive suggestion is designed for thoraco-abdominal cancer patients to stabilize respiratory motion and reduce respiratory fluctuations during radiotherapy. This study is a pre-experiment of clinical trial, and the experimental results provide implications for further study. Future studies should include adequate subjects of cancer patients under radiotherapy condition to better understand the neural mechanisms of hypnosis for respiration control.
As a psychological technology, hypnosis is proven effective in respiratory motion control. In this study, we applied hypnosis to control respiratory motion for radiotherapy setting and investigated the therein neural performances. During hypnosis, 21 / 34 increased neural activity (temporal fluctuation and signal synchronization) were observed in the right calcarine cortex, bilateral fusiform gyrus and left middle temporal gyrus, and decreased activity were shown in left cerebellum posterior lobe (inferior semilunar lobule). Coupled correlation between temporal fluctuation and global signal synchronization was observed within intrinsic networks in hypnosis. These findings provide implications for the neural basis of hypnosis for respiratory motion control and suggest the involvement of emotional processing and regulation of perceptual consciousness in hypnosis.
